Abstract. The composition and structure of beetle clusters living in rotting birch wood in Kampinos National Park was investigated. Photoeclectors were used to remove beetles from collected wood samples. Ten different research plots, each corresponding to a different forest type, were sampled every month over a 1-year period. A collection of 3256 beetles from 37 families comprising 206 species was amassed during the study. The collected beetles were divided into trophic families, species rareness, and constancy and site fidelity classes. At the more fertile sites, species only able to live on highly-decayed wood were collected (F3), also species facultatively able to live on either dying trees or decaying wood (F1), species that do not live on decayed wood (F0) and other rare species. Trophic group of carnivores (Z) provided most species on more fertile sites. At coniferous forest sites, as well as mixed deciduous forest sites, most individuals collected belonged to mycophagous and myxomycophagous trophic groups. At the other sites, the largest group of collected individuals was zoophagous. The number of rare species was positively related to site fertility. The average number of species increased in accordance with increasing site fertility, however this trend was only statistically significant when applied to moist coniferous forest (Bw) and moist mixed broadleaved forest (LMw) sites. The study revealed differences in the composition and structure of beetle clusters from different forest types. These differences were probably not directly related to site type, but more likely to the form of nature conservation imposed on a particular area and the potential number of decayed deciduous tree trunks. Two different clusters of saproxylic Coleoptera related to birch rot were distinguished: the first includes strictly protected deciduous forest types, the second contains the remaining forest types.
Introduction
Many articles about lifeless trees and associated organisms were published in recent years. Many researchers pointed out the importance of decaying wood in ecosystem and began studies on this important issue. One of the largest ecological groups living in this environment is of saproxylic beetles. Beetles associated to decaying wood, in Poland, belong to over 70 families and about 1300 species (Gutowski 2006) . According to Ammer (1991) , about 700 species can be found on lifeless birches. Largest fauna of saproxylic beetles can be found in forests similar to natural forests, with a large number of lifeless trees forming diversified rotten wood areas. Such forests can still be found in national parks and nature preservation areas under strict protection, where no harvesting takes place (Gutowski 2006) .
Kampinos National Park (KNP) is one of the most valuable yet less known (in the entomological way) national parks in Poland (Banaszak et al. 2004 ). Chudzicka and others (2003) reported that 656 species of beetles can be found in the area of KNP and its buffer zone. Following are the pieces of research that were conducted on beetles in Kampinos National Park: Kaczmarek 1963 , Plewka 1981 , Byk and others 1998 , Kubisz and others 2000 , Jędryczkowski 2006 , Owieśny and Grzywacz 2007 , Marczak 2010 . Lots of scrappy data on KNP beetles can be found in catalogs, monographs, and systematic revisions on fauna. Perliński and Sawoniewicz (2011) have published an article that is fully dedicated to saproxylic beetles in this area. Data of saproxylic coleopterofauna related to birches in Poland can be found in the following studies: Starzyk (1995) , Byk (2001a Byk ( , 2001b Byk ( , 2007 , Rutkiewicz (2001 Rutkiewicz ( , 2007 , Byk and Byk (2004) , Kuś and Kuś (2004) , Gawroński and Oleksy (2006) , Staniec (2006) , Byk and Mokrzycki (2007) , Mokrzycki (2007 Mokrzycki ( , 2011 , and Perliński (2007) .
The aim of this study was investigation on composition and structure of saproxylic beetle clusters associated to birch that can be found on different forest site types in the Kampinos National Park area.
Research area
Research was conducted in the area of Protective Zone Laski in Kampinos National Park. Ten different sample plots were chosen where each corresponded to the following forest site types: fresh coniferous forest (Bśw), wet coniferous forest (Bw), fresh mixed coniferous forest (BMśw), wet mixed coniferous forest (BMw), fresh mixed deciduous forest (LMśw), wet mixed deciduous forest (LMw), fresh deciduous forest (Lśw), wet deciduous forest (Lw), alder forest (Ol), and alder-ash wet forest (OLJ). Four of these plots (Lśw, Lw, Ol, and OlJ) were located in Strict Protected Area of Sieraków. A detailed description of sample plots can be found in the work of Perliński and Sawoniewicz (2011) .
Methodology
Beetles' collection came from rot samples collected from rotten wood areas in the last three phases of decay. Research had been conducted for 12 consecutive months, since April 2008 to March 2009. At the second half of each month, three 2-liter samples of birch rot were collected from each sample plot. A total of 360 samples were collected, 36 from each sample plot (720 liters of rot). During material harvesting, whole research plots were penetrated in order to select the most diverse rotten wood areas. Only one, two liters of big sample, were collected from each rotten wood area. Detailed description of particular features of rotten wood area, where samples were collected, can be found in the work of Perliński and Sawoniewicz (2011) .
Rot collected at research plots was placed in labeled folic bags and transported to a laboratory. The process of scaring out the insects in photoeclector, using 25-Watt bulb, lasted 10 days. After that time insects were prepared and determined. Individuals only in imago stadium were considered in this research.
Collected species were classified in one of the following classes of fidelity: F3 -species obligatorily associated with decayed wood; F2 -species less associated with the state of decomposition of wood, but prefer the fructifications of wood fungi, the subcortical environment, tree hollows, etc.; F1 -species facultatively associated with decaying wood or weakened trees; and F0 -species not associated with occupying wood.
Particular species were also divided into trophic groups as follows: F -phytophagous, K -xylophagous, M -mycophagous, Mx -myxomycophagous, N -necrophagous, S -saprophagous, Z -zoophagous. Some species were classified in more than one trophic group; however in statistical calculation only one, most important trophic form of particular species, was taken (in tab.1 trophic form named as first).
Rare species (R) were also selected, occurring on isolated, single plots and/or relics of primeval forests which require natural environment with large number of diverse rotten wood areas.
Determination index (D) was calculated to determine part of individuals from particular species relative to total number of individuals from particular systematic (Szujecki 1980) :
where: D -determination index, s -number of individuals of particular species, S -total number of insects collected at particular research area.
Based on determination index value, six classes were determined (Kasprzak, Niedbała 1981) : superdominants ≥ 30,01%, eudominants 10,01 -30,00%, dominants 5,01 -10,00%, subdominants 2,01 -5,00%, recedents 1,01 -2,00%, subrecedents ≤ 1,00%.
Constancy index (C) was calculated; it shows percentage of samples, where particular species was found (Szujecki 1980 ):
where: C -constancy index, Q -total number of samples, q -number of samples, where particular species was found.
Based on constancy index values, 4 different classes were divided (Kasprzak, Niedbała 1981) and following ranges were established: eukonstants ≥ 50,01%, konstants 20,01-50,00%, accessory species 5,01-20,00%, akcydenty ≤ 5,00%.
Collected beetles were mostly marked by the author of this study. Species belonging to subfamilies: Aleocharinae, Oxytelinae, Paederinae, Phloeocharinae, Staphylininae, and Steninae within family Staphylinidae were marked by prof. A. Szujecki and the mark of most individuals from subfamilies Euaesthetinae, Habrocerinae, Omaliinae, and Tachyporinae (Staphylinidae) was also verified.
The evidence is placed in author's private collection, in collection of Department of Forest Protection and Ecology SGGW in Warsaw and in private collection of prof. A. Szujecki. Species nomenclature and systematic design were taken after "Catalogue of Palaearctic Coleoptera" (Löbl, Smetana 2003 -2008 and "A new checklist of the weevils of Poland, Coleoptera: Curculionoidea" (Wanat, Mokrzycki 2005) .
Due to lack of normality distribution of variables, the impact of forest site type on number of collected individuals and saproxylic Coleoptera species was analyzed using the Kruskal-Wallis test. Calculations were done using Statistica.
Results
3256 beetles (individuals in imago stadium) belonging to 206 species and 37 families (tab. 1) were collected during the research. The largest family in terms of number of species were Staphylinidae (47,68%), subsequently Ptiliidae (15,76%), Ciidae (8,36%), Cerylonidae (5,56%), Scydmaenidae (4,92%) and Carabidae (4,27%). Smaller share in families' structure were of: Leiodidae (2,18%), Latridiidae (2,06%), Elateridae (1,54%), and Tenebrionidae (1,04%). All remaining families' share was less than 1%. Pteryx suturalis turned out to be eudominant species, its share came to 10,29%. Scaphisoma agaricinum (8,17%), Euplectus nanus (6,11%), Gabrius splendidulus (5,38%), Cerylon histeroides (5,10%), and Sepedophilus testaceus (5,07%) can be considered as dominant species.
Subdominants were Microscydmus minimus (3,78%), Ptinella aptera (3,78%), Gyrophaena minima, (3,13%), Bibloporus bicolor (2,40%), Cis fagi (2,18%), and Ennearthron cornutum (2,06%). Smaller role in species' structure had recedents like Dinaraea angustula (1,69%), Cis castaneus (1,66%), Euplectus karstenii (1,63%), Cis micans (1,38%), Bibloplectus tenebrosus (1,35%), Dyschirius globosus (1,17%), Corticaria longicollis (1,14%), Micridium halidaii (1,14%), Oxypselaphus obscurus (1,14%), and Saulcyella schmidtii (1,14%). The remaining subrecedent species share came out to be less than 1%. Beetles belonging to rare fauna and relics of primeval forests (R) composed 13,59% of species and 9,62% of individuals. Fidelity class grouping by insects obligatorily associated to the decayed wood (F3)consisted of 18,93% of species and 38,28% of individuals. Insects associated with the state of decomposition of wood, but preferring the fructifications of wood fungi, the subcortical environment, and tree hollows (F2) presented 33,01% of species and 47,28% of individuals. Beetles facultatively associated with decaying wood or weakened trees (F1) composed 16,99% of species and 6,97% of individuals. Fidelity class formed by insects not associated with occupying wood (F0) included 31,07% of species and 7,47% of individuals.
The largest trophic group were predatory beetles; they composed 40,52% of all collected individuals and 44,66% species. Next in terms of number were beetles feeding on fungi and myxomycetes; their share was 37,76% of individuals and 23,79% of species. Beetles feeding on dead organic matter composed 18,13% of individuals and 14,56% of species. Least numerous groups were beetles, their main diet components are living plant components (0,71% of individuals and 5,34% of species), wood (0,40% of individuals and 2,43% of species), and dead animals (0,09% and 0,97% of species). For remaining 2,40% of individuals and 8,25% of species we do not know food preferences as they were not identified adequately.
Most individuals were collected in wet mixed deciduous forest while least in wet mixed coniferous forest. The richest in terms of species was alder forest while the poorest was wet coniferous forest (tab. 1).
Number of rare species or relics of primeval forests (R) was the largest on four most fertile forest site types (Ol, Lśw, Lw, and OlJ). Species from this group were the least frequently collected on weaker forest site types (Bśw, BMw, and Bw). Species obligatorily associated to decoyed wood (F3) were most frequent at fresh deciduous forest site and alder-ash wet forest site. The F3 class was less frequent in species at weaker site types (Bśw, Bw, and BMśw). At almost all site types (except LMśw, Lśw, and Ol) most frequent collected species were less associated to the state of decomposition of wood, but prefer the fructifications of wood fungi, the subcortical environment, and tree hollows (F2). The number of species from this class was the largest at less fertile forest site types (BMśw, LMw, Bw, and Bśw). Species from fidelity class F1 were mostly collected at four most fertile sites (Ol, Lw, Lśw, and OlJ). They were barely found at fresh coniferous forest, wet coniferous forest, and wet mixed coniferous forest sites. Species representing F0 class were the most frequent at 5 most fertile forest site types (Ol, LMw, Lśw, Lw, and OlJ). To recap, on fertile sites more species from classes F3, F1, and F0; and rare (R) were collected. Number of species from class F2 was larger on less fertile sites ( fig. 1 ). Sites: Bśw -fresh coniferous forest, Bw -wet coniferous forest, BMśw -fresh mixed coniferous forest, BMw -wet mixed coniferous forest, LMśw -fresh mixed deciduous forest, LMw -wet mixed deciduous forest, Lśw -fresh deciduous forest, Lw -wet deciduous forest, Ol -alder forest, OLJ -alder-ash wet forest F -Class of fidelity in relation to highly decomposed wood: F3 -species obligatorily associated with decayed wood, F2 -species less associated with the state of decomposition of wood, but prefer the fructifications of wood fungi, the subcortical environment, tree hollows, etc., F1 -species facultatively associated with decaying wood or weakened trees, F0 -species not associated with occupying wood R -species representing faunal rarities and /or relics of primeval forests T -trophic group: F -phytophagous, K -xylophagous, M -mycophagous, Mx -myxomycophagous, N -necrophagous, S -saprophagous, Z -zoophagous
The greatest number of individuals belonging to rare species or relics of primeval forests (R) was collected on four most fertile sites (Lśw, Lw, OlJ, and Ol) . Smaller disproportion between number of individuals from particular classes collected on more fertile forest site types can be observed ( fig. 2) .
The most of collected species belonged to trophic group of zoophagous. This group was especially formed by species on more fertile sites ( fig. 3) . At coniferous forest sites as well as mixed deciduous forest sites, the most collected individuals belong to trophic groups of mycophagous and myxomycophagous. At the other sites, the largest group of collected individuals was of zoophagous (fig. 4) .
Together with growth of site fertility grew number of accessory species (fig. 5) . The least species belonging to constants were characteristic for four most fertile forest site types (OlJ, Lśw, Lw, and Ol).
We will now make an analysis of similarities between particular forest site types, conducted on the basis of presence or lack of species in the community; let us distinguish two separate beetle communities ( fig. 6 ). The first one includes beetles collected from most fertile forest site types (Lw, Lśw, Ol, OLJ Both communities differ in number of species and individuals collected on average at particular forest site types. In case of community from less fertile sites, there were on average 342,17 of individuals and 51,5 species collected, while in community from more fertile sites -respectively 300,5 of individuals and 65 species. Average number of individuals from classes of fidelity F3 and F2 collected in particular forest site types was larger than in community of less fertile sites. Average number of species and individuals belonging to classes of fidelity F1 and F0 collected in particular forest site types was bigger in community of more fertile sites. Average number of species and individuals belonging to rare fauna and relics of primeval forests collected on particular forest site types was bigger in community of more fertile sites. Average number of individuals belonging to the trophic groups of saprophagous and zoophagous collected on particular forest site types was bigger in community of more fertile sites. The average number of individuals belonging to mycophagous and myxomycophagous was bigger in the community of less fertile sites. Numerous data analyses pointed differences in number of saproxylic beetle species collected on particular forest site types (p=0,0291; H=18,58; df=9; N=360), but these differences were only between wet mixed deciduous forest and wet coniferous forest (p=0,0142) ( fig. 7 ). Significant differences between number of collected individuals (p=0,0553; H=16,60; df=9; N=360) ( fig. 8) were not found.
Discussion
According to Szujecki (1980) every forest site type, according to specific conditions such as floristic composition, soil conditions, microclimate, vegetation levels, and history of its forming, creates specific living conditions for insects. Saproxylic beetles, in general, have wider environment toleration ranges than plants based on forest site types were determined. This fact creates the problem in defining potential relationship between particular species and forest site type. The most abundant species were found in all or in almost all forest site types, while rare species were collected only in some of them. It seems likely, that continuation of research would let us collect them also in other forest site types.
Number of beetle species associated to environment of lifeless birches in KNP demonstrates slightly upward trend according to growing fertility of sites. Byk (2001a) noticed similar regularity during studies in Hajnówka Forest District. Beetles settled in lifeless, standing trees and hollows were mostly collected at alder forest sites while less species at coniferous forest sites and deciduous forest sites were found. Other studies from this author, conducted in Białowieża National Park (Byk 2001a (Byk , 2001b , Hajnówka Forest District (Byk 2001b) and Holly Cross Mountains (Byk 2007) do not corroborate this dependence.
The increase of average number of rare species (R), collected from birch rot, with increasing site's fertility could be caused by other factors than forest site type. Probably the most important fact is that most of strict protection areas in KNP are at wet and fertile sites. Ambiguous results of studies conducted by Byk (2001a Byk ( , 2001b in Białowieża National Park and Hajnówka Forest District also do not affirm existence of close dependence between the rare species occurrence and forest site type. Analogous situation can be observed at average number of beetles from F3 class associated to lifeless birches environment. Increase in the number of species from this class of fidelity was probably related to specific character of research area; strict protection areas were mostly localized at deciduous forest site types. Variability of results obtained by Byk (2001a Byk ( , 2001b ) also show lack of dependence between number of species F3 and site type. Large number of rare beetles, individuals (R) collected in birch rot on fresh deciduous forest site, should also be pointed. It was due to the collection of rare species such as Gyrophaena minima, which tends to occur in communities rather than the direct influence of forest site type.
Comparing results of this study with literature data, it is difficult to draw unequivocal conclusions on impact of forest fertility and humidity on species composition and structure of communities of saproxylic beetles associated to birch rot. It should be noted that four most fertile forest site types were areas of strict preservation (see chapter 2: Research area). At this point the question that arises is: Which factor, forest site type, or preservation form has stronger influence at natural value of entomoceonosis associated to birch rotten wood? It seems that the preservation form connected with number of rotten wood is of great importance. However site's fertility and wetness, which have impact on share of deciduous trees in a stand, influence only indirectly on entomofauna's abundance. Comparing number of rare species (R) and those belonging to F3 class with percentage share of deciduous trees in a stand on particular sites (Perliński, Sawoniewicz 2011) , a dependence on these elements can be noticed. It is hard to notice strong dependence between number of rare species (R) and from F3 class and percentage share of birch in a stand. It indicates lack of strong connection between communities of saproxylic beetles and tree genus or species. The basic condition for these species (Coleoptera) to occur is the existence of lifeless deciduous trees. Decaying birch wood occurring on all studied sites seems to be appropriate microclimate for them (Byk et Byk 2004) .With the increase of site's fertility and partial wetness as well as preservation level, potential quantity of deciduous rot increases. The main factor determining the composition and abundance of beetle communities is the number and diversity of rotten wood areas available to insects, not only the forest site type.
According to Økland and others (1996) relationships between the number of rotten wood areas and abundance of beetle species can be noticed only in the objects of bigger scale (100-400 ha). Research plots at Strict Preservation, Sieraków, experienced collection of the largest number of rare species. This shows that passive preservation at big areas has a positive influence. The fauna of saproxylic Coleoptera, sensitive to influence of anthropogenic impact, on such an area can find refugium free from intensive forest management, which is a big threat for them (Kaila et al. 1997; Niemelä 1997) . Although many species can survive in harvested forests, communities from these environments differ drastically from natural forests (Väisänen et al. 1993 ).
Analyzing number of saproxylic beetle species associated to birch in different classes of constancy in relation to particular forest site types, some regularity can be noticed ( fig. 5) . Number of accessory species (lower constancy of occurring) was positively related to site's fertility. Species from class of konstants were the least numerous at the four most fertile forest site types, all in strict preservation areas. These data show that species from less fertile sites have a wide range of ecological tolerance and create bigger communities. By settling on impermanent, often quite far from each other, e.g., microclimates, they also have quite high disposition to dispersion (Jonsson et al. 2005) . On the other hand, on more fertile sites, more species can be found, but less numerous and characterized by narrow range of ecological tolerance. This fact points out greater naturalness and balance of these ecosystems. At strict preservation areas accumulation of lifeless trees is higher, so stenotopic species can choose rotten wood area optimal for their development. At less fertile sites lack of diversified rotten wood areas is a factor significantly reducing number of specialized species.
